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© Contact or insertion laser probe having wide angle radiation. 



© A laser medical probe (10) adapted for direct 
contact with, or insertion into, tissue undergoing la- 
ser treatment. The probe includes a diffusing portion 
(12) defined by a roughened or frosted surface 
which serves to irregularly reflect and refract laser 
energy incident thereon. The probe exhibits a broad 
radiation pattern including radial and scattered radi- 
ation along the length of the probe. The probe is 
preferably of conical shape to facilitate insertion into 
tissue. A flange (16) may advantageously be placed 
on the probe to limit the tissue insertion depth there- 
of. The diffusing surface is generally along the out- 
side conical surface of the probes although probes 
having a hollow center and roughened inside surface 
are contemplated. 
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Contact or insertion laser probe having wide angle radiation 



This invention relates to a medical probe used 
for effecting hyperthermia, coagulation or hemosta- 
sis with respect to tissues of human or animal 
organisms by laser irradiation thereof. 

There have been recent advances in the field 
of laser surgery particularly in connection with yag 
lasers and the use of contact laser probes wherein, 
contrary to established convention, the probe may 
be brought into direct contact with the tissue. The 
numerous advantages of contact laser surgery are 
described in U.S. Patent No. 4,xxx,xxx, owned by 
the present assignee. 

Whether of a contact or non-contact variety, it 
is known that penetration of laser energy into tissue 
is limited and, therefore, laser treatment of sub- 
surface tissue lying requires removal or cutting of 
the overlying surface tissue. This characteristic of 
laser surgery does not represent a problem during 
many procedures, for example incision, where it is 
the very purpose of the procedure to cut through 
the surface layers of tissue. 

On the other hand, there are other procedures 
in which it is desirable to laser irradiate tissue 
below the surface without irreparably damaging the 
tissue thereabove. One such procedure, known as 
PRT (photoradiation therapy), is reported to selec- 
tively break cancerous tissue when the tissue has 
been pretreated with a photosensitizer. (See 
Doughterty, T.J. et all.: Photoradiation Therapy for 
the Treatment of Malignant Tumors. Cancer Res., 
38: 2628 - 2635, 1978). PRT involves the intra- 
venous injection of a photosensitizer, generally 
hematoporphyrin derivatives (HpD), approximately 
48 to 72 hours before tissue irradiation by an argon 
dye laser. It has been observed that cancerous 
tissues are broken while the normal tissues remain 
virtually unaffected. 

It will be appreciated that PRT treatment re- 
quires the irradiation of the entire cancerous area, 
such area generally lying well below the tissue 
surface. It is therefore preferable, if not necessary, 
that the laser probe be inserted into the tissue so 
that the laser beam may sufficiently react with the 
photosensitizer. Further, it is necessary that the tip 
exhibit a broad radiation pattern to insure the wid- 
est possible illumination of presensitized cancerous 
tissue. 

Known laser probes, however, emit laser en- 
ergy only from the tip region of the probe, and, 
then, only in a relatively narrow beam directed 
substantially outwardly and downwardly from the 
probe tip. When such a tip is inserted into the 
cancerous tissue, two problems are seen to occur. 
First, the relatively narrow illumination pattern, for 
example 8 to 14 degrees, results in a correspond- 



ingly limited tissue treatment region. As it is neces- 
sary to expose tissue for about 15 to 35 minutes, it 
takes considerable time to irradiate any but the 
smallest areas requiring treatment The second 
5 problem encountered with conventional probes is 
the charring of tissue immediately adjacent the 
probe tip due to the high power density of the 
concentrated laser beam in that region. Charring 
prevents the laser beam from penetrating the 
10 charred portion of the tissue, in turn, remarkably 
lowering the overall penetration of the laser beam. 

In addition to PRT, a probe which is capable of 
widely diffusing the laser beam may advantageous- 
ly be utilized for the treatment of gastric cancer, 
75 ulcer, gastric or intestinal hemorrhage, or local 
hyperthermia. For the local hyperthermia, Nd-YAG 
laser may also be employed. 

The preferred arrangement of the present in- 
vention is a conicaiiy shaped probe of quartz, sap- 
20 phire, or diamond. While the design of such a 
probe can be varied to either facilitate or inhibit 
radiation from the sides of the conical probe tip; 
the resulting radiation pattern will, absent the 
teachings of the present invention, remain substan- 
25 tiaily outward along the axis of the probe. The area 
of illumination remains limited. 

The present invention, therefore, relates to a 
laser probe having a substantially wider radiation 
pattern, in fact, a pattern in which both radial side- 
30 ways as well as rearward backscattering may be 
achieved in addition to nominal forward radiation. 
The present probe tip achieves not only broader 
tissue illumination, but importantly, it does so at 
substantially more uniform laser energy densities 
35 thereby greatly minimizing the likelihood of tissue 
charring. In particular, the present probe tip is 
characterized by an uneven or roughened surface 
having recesses therein ranging in depth preferably 
about 1 to 100 urn. As a result, some of the laser 
40 energy which reaches this surface is reflected 
while the remainder is radiated generally to the 
tissue adjacent thereto. 

Thus, the laser beam impinging on this surface 
from within the tip is, in part, refracted directly to 
45 the tissue and, in part, further reflected irregularly 
within the concaved portions of the uneven 
roughened surface. This scattering of the beam 
occurs over the entire roughened surface of the 
probe so that the emitted laser energy impinges 
so the tissue substantially from ail directions thereby 
broadening the radiation area and increasing pene- 
tration into the tissue by lowering local charring of 
the tissue. 

In accordance with the present invention, there 
is further provided a medical laser probe adapted 
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to transmit laser energy propagated through a 
waveguide to provide the same to the tissue, which 
probe comprises a laser diffusing member pro- 
vided so as to surround a tip end portion of the 
waveguide for covering the laser beam radiated 
from the tip end of the waveguide, said laser diffus- 
ing member having, on the inner surface thereof, a 
frosted or roughened face, over the area of the 
inner surface which receives the laser beam. 

This form of the probe is characterized in that 
the frosted or roughened surface is formed on the 
inner face of the laser diffusing member. The laser 
beam is partially transmitted through the inner 
frosted or roughened surface and partially reflected 
irregularly to reach another portion of the probe 
where the laser beam is transmitted or again re- 
flected irregularly. As a result, laser energy is radi- 
ated from a wide outer surface of the probe at 
substantially uniform power density. In this case, 
the laser radiating area may be wide, for example, 
on a round surface of large diameter so that it may 
be used in a mode, contacting with the surface of 
the tissue for effecting the coagulation of the tis- 
sue. 

It is therefore an object of the present invention 
to provide a probe which is capable of irradiating a 
wide surface area in a diffused irradiation mode. 

It is another object of the present invention to 
provide a probe which is capable of emitting laser 
beam from all over the irradiating surface area with 
substantially uniform power density. 

Further objects will be apparent from the fol- 
lowing description. 

Figure 1 is an elevation view, part in section, 
of the probe of the present invention and a holding 
member therefor; 

Figure 2 is an elevation view showing the 
probe of Figure 1 inserted into the tissue and 
irradiating the tissue adjacent thereto; 

Figure 3 is an enlarged sectional view of the 
tip end portion of the probe; 

Figure 4 is a further enlarged sectional view 
of the surface portion of the probe showing the 
diffusion modes of the laser beam; 

Figure 5 is an elevation view of a non-diffus- 
ing probe inserted into the tissue and irradiating 
the tissue immediately below the probe tip; 

Figure 6 is a distribution diagram comparing 
the radiated power densities of the present probe 
against non-diffusing probes; 

Figure 7 is an elevation view of one example 
of the probe of the present invention showing the 
dimensions thereof; and, 

Figure 8 is an elevation view, shown in sec- 
tion, of another embodiment of the probe according 
to the present invention. 



Description of the Preferred Embodiment 

Figure 1 is a longitudinal sectional view of a 
probe 10 according to the present invention which 

5 is mounted at the terminal or output end portion of 
a laser optical waveguide fiber 32. 

Probe 10 is made of a laser transmissive ma- 
terial such as a natural or artificial ceramic material, 
for example, sapphire, quartz, or diamond. Poly- 

70 meric materials may also be employed. In the 
embodiment as illustrated, the probe 10 comprises 
a conicaiiy tapered laser diffusing portion 12 hav- 
ing, at the tip end thereof, a semispherical portion 
12a and a main body portion 14. The laser diffus- 

15 ing portion 12 and the main body portion 14 are 
formed integrally with each other and a flange 16 is 
formed between the laser diffusing portion 12 and 
the main body portion 14. The probe 10 is fitted in 
a cylindrical female connector 18 and fixed integ- 

20 rally thereto by caulking the mating surfaces there- 
of or using a ceramic type adhesive between the 
mating surfaces. The female connector 18 has, on 
the internal surface thereof, a thread 20 which is 
adapted to mate with complementary threads 30 of 

25 a male connector 22. The female connector 18 has 
two holes 24 through the cylindrical connector wall 
which facilitate the passage of cooling water W or 
other fluids therethrough. The two holes are cir- 
cumferential iy disposed at angular spaces of 180° 

30 although only one of them is shown in Figure 1. 

On the other hand, the male connector 22 is 
pressedly fitted into a flexible tube of jacket 26 
fabricated of, for example, Teflon (trademark). For 
this press fitting, the male connector 22 has 

35 stepped portions 28 at the base portion of the male 
connector 22 by which the male connector 22 is 
firmly held within jacket 26 so as to prevent the 
former from being disengaged from the latter. As 
noted, male connector 22 is externally threaded at 

40 30 to mate with the internal thread 20 of the female 
connector 18. 

An optical fiber 32 for transmitting the laser 
beam is inserted in the male connector 22. The 
optical fiber 32 is disposed concentrically within the 

45 jacket 26, leaving a gap 34 therebetween for pas- 
sage of cooling water or other fluids. Although the 
fiber 32 is closely fitted in the male connector 22 
adjacent the stepped portion of the male connector, 
the stepped portion 28 has for example two slits 

so 28a formed circumferentiaily at angular spaces at 
180° for letting the cooling water W pass thereth- 
rough. A passage 36 for the cooling water W is 
further provided between the inner face of the tip 
end portion of the male connector 22 and the 

55 optical fiber 32. The assembled tip may then be 
inserted into an endoscope or otherwise positioned 
as required for the laser surgical procedure to be 
performed. 
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The fiber 32 is optically connected to a laser 
generating unit (not shown). According to neces- 
sity, cooling water W is fed through the gap 34; slit 
28a; passage 36 then, in turn, discharged through 
the opening 24 to cool the tissue to be treated. 

The laser beam from the laser generating unit 
is guided through the optical fiber 32 and coupled 
from the end thereof into the base 38 of probe 10. 
The laser beam is thereafter emitted, as discussed 
in more detail beiow, from the diffusing portion 12 
of the tip of the tissue M to be treated. 

Figure 2 illustrates the dispersion and diffusion 
of laser beam when the probe of the present inven- 
tion is employed. As will be described later, the 
outer surface of the laser diffusing portion 12 of the 
probe 10 is frosted or roughened, thereby widely 
dispersing the laser energy as illustrated in Figure 
2. 

Figure 6 best illustrates the comparative radi- 
ation energy densities between a prior art probe tip 
and the probe tip of the present invention. Probe 
tip 11' may be of either type. Curve 13 represents 
the laser energy or power density distribution in a 
plane spaced beiow the probe tip and perpendicu- 
lar to the longitudinal axis thereof. More specifi- 
cally, the power density is shown to be greatest at 
15, a point along the extended longitudinal axis of 
the probe tip, and to diminish rapidly as the dis- 
tance from this axis is increased. Curve 17 very 
roughly approximates the laser power density dis- 
tribution in a cylindrical surface surrounding the 
probe and having a common axis thereto. This 
curve essentially depicts the radial component of 
laser radiation which, as can be seen, is extremely 
low in a conventional tip due to the fact that sub- 
stantially all of the laser energy is radiated longitu- 
dinally downwardly from tip 12a'. Curve 17, there- 
fore, is merely intended to depict this low level of 
radial radiation rather than to accurately illustrate 
the actual power distribution. 

Curves 19 and 21 represent the laser power 
density distributions for the probe of the present 
invention correspondingly, respectively, to prior art 
probe curves 13 and 17. As can be seen from 
curve 19, the peak power density 23 along the 
probe center axis is substantially lower than that of 
the prior art tip and, importantly, the power density 
drops less rapidly as a function of distance from 
this axis. This produces a broad area of relatively 
uniform laser illumination while simultaneously 
avoiding the excessive on-axis power densities 
which result in tissue charring. Curve 21 reveals 
that substantial laser energy is emitted radially 
from the probe of the present invention and, fur- 
ther, that such radiation is not limited to the tip 
region 12a', but occurs along the entire length of 
the conical diffusing portion 12' of the probe. How- 
ever, as discussed in more detail below, the laser 



power distribution depicted by curve 21 is, in re- 
ality, achieved by the random refraction and scat- 
tering of laser energy within the probe tip and, 
therefore, this radiation, while illuminating tissue 

5 along the side of the tip, is not necessarily emitted 
radially therefrom. 

As best shown in Figures 3 and 4, the outer 
surface of the laser diffusing portion 12 is frosted 
or roughened to form an uneven, pseudo-random 

70 contour defined by generally convex protuberances 
and concave recesses. The surface irregularity or 
recess depth is between about 1 to 100um, prefer- 
ably 10 to 60um. The frosting or roughening pro- 
cess is preferably carried out by use of a computer 

75 controlled grinding wheel. More specifically, the 
probe undergoing surface treatment is rotated and 
then brought into contact with a diamond grind- 
stone. The grindstone traces the unroughened con- 
tour of the probe, commencing from the tip 12a of 

20 the probe, as far rearward along the conical surface 
as desired to define the diffusing portion 1 2 there- 
of. The computer controls, in a conventional man- 
ner, the position and speed of travel of the grind- 
stone. In one preferred arrangement, a grindstone 

25 having particles of between 10 to 20um is utilized 
while the grindstone is moved along the probe 
between 3 and 6 mm/second. A roughened surface 
condition defined by approximately 10'um recesses 
results. 

30 It will be appreciated that the depth of the 

recesses may be varied by utilizing grindstones of 
appropriate diamond particle size. However, as the 
recess depth is lowered, particularly below the pre- 
ferred range set forth above, an increasing percent- 

35 age of the laser energy will be internally reflected 
within the probe tip thereby resulting in a cor- 
respondingly lesser amount laser energy being re- 
fracted and diffused radially outwardly. Such a tip 
will not exhibit the desired broad and uniform radi- 

40 ation patterns. At the other extreme, increasing the 
surface roughness beyond the preferred limits re- 
sults in the tissues becoming entangled in the 
concaved recesses when the probe is inserted into 
the tissue thereby inhibiting withdrawal of the 

45 probe. 

Operation of the present probe can best be 
understood with reference to Figure 4 where the 
laser beam coupled into the probe from the optic 
guide is shown to be internally impinging the 

so roughened surface 12b of the probe tip. This laser 
energy is illustrated by rays 31 and 33. It will be 
noted that these rays do not arrive in parallel 
relationship, but rather, impinge from differing an- 
gles representative of the fact that each has trav- 

55 eiled its own independent path including, in the 
general case, having undergone unpredictable in- 
ternal reflections from the irregular surface 
thereabove. 
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Depending upon both the incident angle and 
the specific point of intersection of the incoming 
ray with the roughened surface 12b, the ray is 
either reflected internally, to again strike the sur- 
face 12b, or refracted externally to radiate from the 
probe. In the general case, the laser energy may, 
in fact, split; that is, some energy is reflected while 
the rest is refracted and radiated. Figure 4 depicts 
several representative ray tracks illustrating com- 
plete reflection, complete refraction, and a com- 
bination of both modes. 

It is significant that the laser energy radiated 
from the probe is not directed in any particular 
direction, but rather, radiates in virtually all direc- 
tions.. In this manner, laser energy is emitted radi- 
ally from the probe and, unlike conventional laser 
probes, can penetrate tissue lying radially adjacent 
the probe tip. It is, in short, this pseudo-random 
scattering or diffusing of laser energy which ac- 
counts for the significant radiation along the probe 
tip as depicted at 21 in Figure 6. 

Figure 7 shows typical dimensions of one em- 
bodiment of the present probe. It will be appre- 
ciated that these dimensions are merely illustrative 
and the probe may advantageously be dimension- 
ed according to specific treatment requirements. 
For example, the length of the laser diffusing por- 
tion 12 of the probe 10 may be suitably selected 
according to the insertion depth of the probe into 
the tissue M and it may in general be within a 
range of about 1 .0 to 7.0 mm. Although the tip end 
of the laser diffusing portion 12 is not always 
required to be in semispherical shape, a pointed 
end would possibly be broken and therefore the tip 
end of the laser diffusing portion is preferably 
rounded. 

In the embodiment described above, substan- 
tially the entire concally tapered portion functions 
to diffuse laser energy therefrom. Alternatively, any 
limited or fractional portion of this conical section, 
including the tip end 12a, may serve as a laser 
diffusing portion by correspondingly restricting the 
degree of surface roughness. The flange 16 as 
described before functions as an abutment or stop 
for positioning of the probe 10 in the tissue M 
when the probe 10 is injected into the tissue M 
until the forward end face of the projected flange 
16 abuts against the tissue M. However, the flange 
16 may of course be omitted as the case may be. 

Figure 8 illustrates yet another embodiment of 
the present invention. Probe 50 has a substantially 
U-shaped cross-section and comprises a receiving 
portion 52 on the periphery of the base portion 
thereof for connection with the female connector 18 
as described above. The outer and inner face of 
the probe have a semispherical shape and a frost- 
ed or roughened face is formed on the inner semi- 
spherical face and a part of a cylindrical portion 



adjacent to said inner semispherical face to provide 
a laser diffusing portion 54. Another portion of the 
inner face and the outer face remain smooth. The 
optical fiber 32 is disposed in the receiving portion 

5 of the probe 50. Most of the laser beam radiated 
from the tip end face of the optical fiber 32 enters 
the laser diffusing portion 54 where it is diffused 
and thereafter radiated from the outer surface of 
the tip end portion. This probe, which is brought 

10 into contact with .the tissue rather than being in- 
serted therein, is utilized for local hyperthermia, 
coagulation or photochemical therapy. 



is Claims 

1. A medical laser probe for conveying laser 
energy from the output end of an optical laser 
waveguide to a tissue undergoing laser treatment, 

20 the probe comprising laser transmissive material 
having a laser energy input region for receiving 
laser energy from an optical waveguide and a laser 
energy radiation surface, the radiation surface de- 
fining an irregular and uneven contour for diffusing 

25 laser energy incident thereon whereby the laser 
radiation from the probe defines a broad highly 
diffused pattern. 

2. A medical laser probe as claimed in claim 1 , 
wherein the radiation surface forms an irregular and 

30 uneven contour defined by recesses of between 1 
and 100 microns for diffusing laser energy incident 
thereon. 

3. A medical probe as claimed in claim 1 or 2 
including a flange thereon, the radiation surface 

35 extending from the flange whereby said flange 
serves as a stop limiting the degree of insertion of 
the probe into tissue undergoing treatment. 

4. A medical probe as claimed in claim 1 , 2 or 
3, wherein the radiation surface defines a conical 

40 shape whereby the probe may be inserted into 
tissue undergoing treatment by first advancing the 
narrowed region of the conical surface into the 
tissue. 

5. A medical laser probe for conveying laser 
45 energy from the output end of an optical laser 

waveguide to a tissue undergoing laser treatment, 
the probe comprises laser transmissive material 
surrounding the tip end of said optical waveguide 
thereby forming a laser energy receiving probe 
so surface and a laser energy radiation probe surface, 
the receiving probe surface defining an irregular 
and uneven contour whereby laser energy radiated 
from the probe is diffused and scattered. 

6. A medical laser probe for conveying laser 
55 energy from the output end of an optical laser 

waveguide to a tissue undergoing laser treatment, 
the probe comprising laser transmissive material 
surrounding the tip end of said optical waveguide 
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thereby forming a hollow inside region between the 
end of the optical laser waveguide and an inside 
surface of the probe, the inside surface having an 
irregular and uneven contour whereby laser energy 
impinging on said surface is irregularly refracted 5 
and reflected whereby the laser emitted from the 
probe is diffused and scattered. 

7. A medical probe as claimed in claim 6, 
wherein the outer surface of said probe is smooth. 
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